Introduction
============

The prevalence of smoking has been decreasing among Swedish teenagers since the end of the 1990s.^[@bib1]^ However, we can now see an increase in smoking prevalence among high school teenagers. A recent investigation by the Swedish National Institute of Public Health verified this increase, which is particularly obvious among girls.^[@bib1]^ In 15-year-old girls, smoking at least once a week increased from 10% in 2005--2006 to 16% in 2009--2010.^[@bib1]^ In 2012, even higher figures were reported from the Stockholm high schools where 37% of 17-year-old girls and 29% of boys smoked regularly.^[@bib2]^ Similarly, recent national Swedish statistics show that the general trend of decreased smoking in the population is no longer present in young women aged 16--29 years, where daily smoking increased from 10% in 2009 to 13% in 2011.^[@bib3]^

Smoking rates have traditionally been higher in men, but women are increasingly starting to smoke at an age equivalent to that of men.^[@bib4]^ In the age group 15--24 years, the Global Adult Tobacco Survey (GATS) recently reported current smoking prevalence to be 29% in women and 24% in men in the UK.^[@bib4]^ A common finding in many of the studies published in recent years is the increased smoking in young women. Smoking habits in young women thereby differ from a general trend of decreased smoking rates.^[@bib1],[@bib3],[@bib4]^

The increased smoking prevalence is worrisome since smoking is related to several adverse effects on the smoker\'s health. In addition, the increased prevalence of smoking in teenage girls is alarming since maternal smoking during pregnancy negatively affects the offspring and increases the risk of low birth weight, sudden infant death syndrome, and wheezing illness.^[@bib5; @bib6; @bib7; @bib8]^ While many smoke-related diseases may take decades to develop, other adverse health effects such as wheeze and symptoms of bronchitis may be induced after only a few years of smoking.

The aim of this study was to provide up-to-date information on the prevalence of smoking and smoke-associated respiratory symptoms among teenagers and young adults in Sweden, with a special focus on gender differences.

Methods
=======

Study area and population
-------------------------

The study area is the West Gothia Region in western Sweden including the city of Gothenburg, the second largest city in Sweden with about 800,000 inhabitants in the metropolitan area. The population of the entire region is more than 1.5 million, corresponding to one-sixth of the Swedish population.

Study population and questionnaire
----------------------------------

In 2008 a self-administered questionnaire was mailed to 30,000 inhabitants aged 16--75 years. A sample of 15,000 subjects was randomly selected from the metropolitan area of Gothenburg and 15,000 subjects were similarly selected from the rest of the region.^[@bib9],[@bib10]^ The Swedish Population Register provided the names and addresses. A study of non-responders verified a good representativeness of the participants regarding respiratory symptoms and airway diseases.^[@bib11]^ This paper is based on the 2,702 subjects aged 16--25 years who responded to the questionnaire.

The questions were based on the Swedish OLIN study questionnaire^[@bib12; @bib13; @bib14; @bib15; @bib16]^ which contains items about obstructive respiratory symptoms and diseases, smoking, and other possible determinants of disease. The questionnaire was developed mainly from the British Medical Research Council questionnaire and has been used in several large-scale studies in the Nordic and Baltic countries.^[@bib12; @bib13; @bib14; @bib15; @bib16]^ A comparison of the OLIN and Global Allergy and Asthma European Network (GA^2^LEN) questionnaires concludes that questions about bronchitis are more detailed in the OLIN questionnaire.^[@bib17]^ Questions on common asthma symptoms are similar or identical in the two questionnaires, and they yielded similar estimates of prevalence of respiratory symptoms and diseases in the same population.^[@bib17]^ The definitions used are presented in [Box 1](#box1){ref-type="boxed-text"}.

The study was approved by the Ethics Committee in Gothenburg.

Analyses
--------

Ten per cent of the data were computerised twice to check the quality of the computerisation. Errors amounted to 0.1--0.2% of the computerised data, with only a few exceptions. Statistical analyses were performed using SPSS version 18.0 (SPSS, Chicago, IL, USA). Comparisons of proportions were tested with Fisher\'s exact test. The Mantel-Haenszel test for trend was used where appropriate. A p value of \<0.05 was considered statistically significant. Multiple logistic regression was used to calculate risk factors for symptoms and diseases, and risks were expressed as odds ratios (OR) with 95% confidence intervals (CI).

Results
=======

Participation
-------------

Responses were obtained from 2,702 subjects (1,548 women and 1,154 men), comprising 58.0% of the eligible women and 42.4% of the eligible men (p\<0.001). Of these, 1,444 lived in the metropolitan area of Gothenburg and 1,258 in the rest of the region.

The previous study of non-responders showed that male gender, young age, and smokers were over-represented among the non-responders.^[@bib11]^ A similar pattern was seen in the age group 16--25 years, where 55.6% of the non-responders were men while 42.7% of the responders were men. The prevalence of smokers was 26.6% among the non-responders aged 16--25 years compared with 20.4% in responders, with a female predominance of smokers among the non-responders as well.

Prevalence and gender differences in smoking habits
---------------------------------------------------

Significantly more young women than men were active smokers (23.5% vs. 15.9%; p\<0.001) and ex-smokers (7.2% vs. 4.1%; p=0.001) ([Figure 1](#fig1){ref-type="fig"}). Furthermore, the smoking women smoked significantly more than the men (p value for test for trend \<0.001). Of the smoking women 42.0% smoked 5--14 cigarettes per day vs. 27.1% among the smoking men, while 10.4% vs. 6.5% smoked 15--24 cigarettes ([Figure 2](#fig2){ref-type="fig"}).

The women had also started to smoke earlier (p value for test for trend \<0.001). Of the smoking women, 58.0% had started smoking between 11 and 15 years of age compared with 44.4% of the men, while 38.7% of the women reported started smoking between 16 and 20 years vs. 47.8% of men ([Figure 3](#fig3){ref-type="fig"}). The mean age at smoking initiation was 14.9 years for women and 15.8 years for men.

Differences between the metropolitan area of Gothenburg and the rest of the West Gothia region were small, although there was a slightly higher prevalence of non-smokers in the rest of the region (75.4% vs. 71.5%; p=0.025).

Smoking status by parental smoking
----------------------------------

Of the subjects with smoking parents, 36.9% were smokers compared with 18.0% in subjects whose parents did not smoke (p\<0.001). Of all young smokers, 52.2% had smoking parents while 75.4% were never-smokers among the subjects with non-smoking parents.

Prevalence of airway symptoms by smoking status
-----------------------------------------------

Most airway symptoms such as longstanding cough, sputum production, wheeze, waking with chest tightness, and nasal obstruction were significantly more common in smokers than in never-smokers ([Table 1](#tbl1){ref-type="table"}). This was particularly true for sputum production and longstanding cough. The overall prevalence of longstanding cough was 13.1% (15.0% in women and 10.7% in men, p=0.001) and of sputum production was 15.4% (16.9% in women and 13.4% in men, p=0.015). The prevalence of most airway symptoms also tended to be higher among ex-smokers than among never-smokers.

Risk factors
------------

In the multiple logistic regression analysis, smoking significantly increased the risk of recurrent wheeze (OR 2.0 (95% CI 1.4 to 3.0)) and sputum production (OR 2.4 (95% CI 1.9 to 3.1)) ([Table 2](#tbl2){ref-type="table"}). Similarly, occupational exposures to dust, gases, or fumes increased the risk of using asthma medication and having attacks of shortness of breath, recurrent wheeze, sputum production, and allergic rhinitis. As expected, a family history of asthma and allergy as well as female gender was associated with an increased risk of asthma medication, attacks of shortness of breath, and recurrent wheeze. When a family history of both asthma and allergy was present, the risk of using asthma medication increased six-fold (OR 6.2 (95% CI 4.4 to 8.9)) ([Table 2](#tbl2){ref-type="table"}).

Effect modification by gender
-----------------------------

When we tested the interaction between gender and smoking in the same adjusted model we found statistically significant interactions (with odds ratios of about 3) between female sex and current smoking for all respiratory symptoms investigated (attacks of shortness of breath during the last 12 months OR 3.3 (95% CI 1.3 to 8.4), recurrent wheeze OR 2.8 (95% CI 1.1 to 7.4), and sputum production OR 3.0 (95% CI 1.7 to 5.2)) and for asthma medication OR 3.1 (95% CI 1.1 to 8.5). However, when years of smoking or current number of cigarettes smoked daily were also included in the multiple logistic regression models, the observed interactions were no longer statistically significant.

Discussion
==========

Main findings
-------------

The main findings of this study are that smoking is more common among young Swedish people than expected, especially among young women, and that adverse respiratory effects are seen after only a few years of smoking. Women start smoking earlier and smoke more. The prevalence of bronchitis symptoms is alarmingly high, with one out of four reporting longstanding cough and sputum production. In the multiple logistic regression analysis, smoking significantly increased the risk of recurrent wheeze and sputum production.

Interpretation of findings in relation to previously published work
-------------------------------------------------------------------

Our findings are in line with recent statistics from the Swedish National Institute of Public Health.^[@bib1]^ In that survey, the prevalence of smoking in 15-year-old girls was 16% in 2009--2010 compared with 10% in 2005--2006, while the corresponding prevalence in boys was 13% and 8%. In Northern Sweden, in 2003, the prevalence of smokers among 15-year-old teenagers was even lower (9% of girls and only 3% of boys).^[@bib18]^ The prevalence of active smoking in our study was even higher in the age group 16--25 years (23.5% in women and 15.9% in men).

The study in Northern Sweden also showed that significantly more young women than young men smoke.^[@bib18]^ A similar pattern is seen in Norway.^[@bib19]^ Furthermore, in our study, the women also started smoking earlier than the men. On the other hand, the use of snuff is more common among young men.^[@bib18]^

Although smoking has decreased since 1990 when the overall smoking prevalence among adults aged 20--44 years in Sweden was 30--40%,^[@bib20]^ we were surprised by the high smoking prevalence we found among young women. The present smoking prevalence is, in fact, comparable to that found in a study in Northern Sweden in 1996.^[@bib21]^ In that study, smoking in the age group 20--29 years was 26% among women and 16% among men. This contradicts a general conception of a clear-cut decrease in smoking prevalence during the last 10--15 years among young adults. Recent longitudinal Swedish surveys report an increased smoking prevalence in young women in the last years.^[@bib1],[@bib3]^ The present results are in line with those reports. However, since the present study reports data from a single survey and compares the findings with other studies, we cannot conclude that the study itself shows an increased prevalence of smoking.

Female smoking dominance is not seen in all countries --- for example, in Finland and Estonia smoking is more common among young men.^[@bib15],[@bib22]^ In middle-income and low-income countries, smoking rates are higher in men.^[@bib4]^ However, as pointed out in the GATS survey, women in those countries also start to smoke at an early age.^[@bib4]^ With increasing economic growth, a development similar to that in high-income countries could be expected, with the smoking prevalence becoming higher in women.

Smoking parents is a strong risk factor for the child to become a smoker. Smoking among teenagers is twice as common among those with at least one smoking parent compared with those with no parent who smokes.^[@bib23]^

The overall prevalence of respiratory symptoms (13--15%) with a significant female dominance was higher than that reported in subjects of similar age in a large-scale Swedish study performed 19 years before our study.^[@bib24]^ That study used identical questions about symptoms and yielded an overall prevalence, including smokers, of 10--12%. A Swedish study among teenagers performed in 1987 found the prevalence of longstanding cough to be 3--5%.^[@bib25]^ The Swedish part of the European Community Respiratory Health Survey (ECRHS) with an age distribution from 20 up to 44 years did not report prevalence by age group, but the overall prevalence of bronchitis symptoms was similar to ours, although our study sample was considerably younger.^[@bib20]^ As symptoms of bronchitis tend to increase with age,^[@bib12],[@bib24]^ a comparison with the ECRHS results also suggests an increase in young subjects.

Smoking was associated with most respiratory symptoms. Indices of the adverse effects of smoking, such as a longstanding cough and sputum production, are already seen at this young age. The results show that adverse effects of smoking appear in a surprisingly short time and call attention to the short-term consequences for young people. The association with recurrent wheeze and sputum production remained after adjustment for other risk factors for respiratory symptoms.

In the same adjusted model there were clear interactions between female sex and current smoking for all asthma symptoms investigated. These findings are in line with several studies indicating an increased susceptibility to tobacco smoke among women.^[@bib26],[@bib27]^ However, in our study, the stronger effect of smoking in women on sputum production and recurrent wheeze seemed to be explained by women starting earlier and smoking more.

The fact that smoking is common today in young women and that there are indications of increased smoking in young women is particularly worrying.^[@bib1],[@bib3]^ Maternal smoking during pregnancy is a well-known risk factor for wheezing illness and bronchial hyper-responsiveness in the child.^[@bib7],[@bib8]^ The effects in terms of increased risk of asthma and impaired lung function are longstanding and may be seen even up to adulthood.^[@bib28; @bib29; @bib30; @bib31]^ Furthermore, exposure to environmental tobacco smoke during childhood is associated with an increased prevalence of asthma in adults.^[@bib32]^ Growing up with smoking parents increases the risk of the child becoming an active smoker, which in turn is a risk factor for respiratory symptoms and asthma.^[@bib28],[@bib33]^ Hence, a vicious circle is established.

An explanation for the high smoking prevalence among young women could be that, today, girls and young women tend to adopt the cigarette and alcohol habits previously seen among boys and young men. In addition, some girls are attracted by the side-effect that smoking makes it easier for them to stay slim. Smoking in Sweden is closely linked to a low level of education and lower socioeconomic status.^[@bib3]^ As in several other European countries, Sweden has in recent years faced problems with youth unemployment which could contribute to the high smoking prevalence seen. Another factor could be an influence by second-generation immigrants who come from cultures with a high prevalence of smokers. Just as smoking parents is a strong risk factor for the child to start smoking, we know that teenagers are influenced by the smoking habits of their friends.

Implications for future research, policy and practice
-----------------------------------------------------

The findings highlight the importance of long-term efforts and openness to the continuously changing forces that drive smoking initiation in the young. Maternity care in Sweden has nearly full coverage and represents an important opportunity to convince parents-to-be to quit smoking in light of the health risks in the unborn child. Moreover, smoking parents also have the possibility to influence their children not to smoke. However, it requires an active effort by the parents and a discussion of the adverse effects of tobacco, and smoking parents could thus be a key group on which to focus future anti-smoking efforts.

One practical measure that could be taken to counteract the worrying trend is a rise in the price of tobacco. The WHO convention on tobacco control points out that price and tax measures are effective and important means of reducing tobacco consumption among young persons in particular.^[@bib34]^ In the 1990s the health risk of smoking was regularly discussed in Swedish schools. During the last decade, however, this practice has subsided. Our study highlights the importance of schools as a primary vehicle for tobacco awareness among children.

Strengths and limitations of the study
--------------------------------------

The strengths of the study include the population-based design and the large study sample. Another strength is the well-established questionnaire used, with questions that thoroughly cover smoking and symptoms of bronchitis and obstructive airway disease.

Weaknesses of the study are those inherent in questionnaire-based studies --- namely, some uncertainty regarding the validity of answers. However, it is unlikely that the study participants exaggerated their smoking. Instead, it is more likely that smoking is underestimated in the answers. Furthermore, this part of the West Sweden Asthma Study did not include lung function testing. Another limitation of the study is the non-response rate. The previous study of non-responders^[@bib11]^ was therefore supplemented with an analysis that verified that smoking was also somewhat more common among non-responders in the age group 16--25 years, especially among the women. Thus, our results, if anything, underestimate the prevalence of smokers. Furthermore, since smoking was also more common in women among the non-responders, the lower response rate in men probably does not pose an issue in interpreting the findings.

Conclusions
-----------

The high prevalence of smoking among young women found in this study is worrying, both in itself and since smoking is a risk factor for illness in the children of smoking women. In addition to a higher smoking prevalence, the women started smoking earlier and smoked more than the men. Adverse respiratory effects were seen after only a few years of smoking. The association between smoking and recurrent wheeze and sputum production remained after adjustment for other risk factors for respiratory symptoms. Compared with the results of previous studies in people of similar ages, a higher prevalence of bronchitis symptoms was found. The results call for continuous anti-smoking efforts. Effective smoking prevention programmes, particularly among young women, are needed.
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###### Prevalence of physician-diagnosed asthma, asthma medication and various respiratory symptoms by smoking status
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###### Association between different independent variables and various asthma variables
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###### Definitions

**Smokers:** reported smoking during the year preceding the survey.

**Ex-smokers:** reported having stopped smoking at least 12 months prior to the survey.

**Never-smokers:** reported neither smoking nor ex-smoking.

**Physician-diagnosed asthma:** "Have you been diagnosed by a doctor as having asthma?"

**Asthma medication:** "Do you currently use asthma medicine (permanently or as needed)?"

**Attacks of shortness of breath:** "Do you presently have, or have you had in the last 10 years, asthma symptoms (intermittent breathlessness or attacks of shortness of breath; the symptoms may exist simultaneously with or without a cough or wheezing)?" and "Have you had these problems within the last year?"

**Longstanding cough:** "Have you had a persistent cough during the last year?"

**Sputum production:** "Do you usually produce phlegm when you cough or do you have phlegm in your chest which is difficult to bring up?"

**Recurrent wheeze:** "Do you usually have wheezing or whistling in your chest when you breathe?"

**Any wheeze:** "Have you had whistling or wheezing in the chest on any occasion during the last 12 months?"

**Wheezing with breathlessness:** Yes to 'Any wheeze' and "Have you been at all breathless when you had wheezing or whistling in the chest?"

**Wheezing without cold:** Yes to 'Any wheeze' and "Have you had this wheezing or whistling in your chest when you did not have a cold?"

**Waking with a tight chest:** "Have you woken up with tightness in your chest at any time during the last 12 months?"

**Allergic rhinitis:** "Have you ever had allergic eye or nose problems (hay fever)?"

**Nasal obstruction:** "Do you have nasal blockage more or less constantly?"

**Rhinorrhoea:** "Do you have a runny nose more or less constantly?"
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